Abstract. Salidroside has a wide range of pharmacological activities, including antitumor, anti-inflammatory, analgesic, antibacterial, antiviral and anti-fertility abilities. In the present study, the effects of salidroside on the viability and apoptosis of bladder cancer cells, and the potential underlying mechanisms, were examined. In the present study, treatment with salidroside reduced cell viability, and induced apoptosis and caspase-9/3 activation in the T24 human bladder carcinoma cell line. Salidroside induced autophagy, promoted the protein expression of nucleoporin p62 and the microtubule-associated proteins 1A/1B light chain 3B, suppressed phosphoinositide 3-kinase (PI3K) and phosphorylated protein kinase B (p-Akt) expression, inhibited matrix metalloproteinase-9 (MMP-9) expression and increased that of Bcl-2-associated X protein, which functions as an apoptosis regulator in T24 cells. In the present study, it was demonstrated that the effect of salidroside reduced the viability and induced the apoptosis of bladder cancer cells through the autophagy/PI3K/Akt and MMP-9 signaling pathways.
Introduction
In 2008, the incidence of bladder cancer was 7.49/100,000 according to the National Cancer Registry, and the standardized global incidence was 4.53/100,000 (1). The incidence of bladder cancer was ranked first among all genitourinary cancer types in the Chinese male population and eighth of all malignant tumor types in China, and accounted for 2.50% of all malignant tumors diagnosed in China in 2008 (2, 3) . For Chinese individuals between 0 and 74 years old, the cumulative incidence of bladder cancer was 0.52% in 2008 (4) .
Autophagy refers to the process in which damaged, degenerated or aging proteins or organelles in cells are transported to lysosomes for digestion and degradation (5) . The occurrence of autophagy requires the multiple stages. First, under the regulation of initial autophagic signals, the precursors of autophagy with a cup-shaped double layer coating are formed in the cytoplasm (6) . Then, the precursors of autophagy are gradually lengthened, assisted by autophagic proteins. The lengthened precursors of autophagy cover degradative substrates and finally form completely closed autophagic vacuoles (7) . Finally, the autophagic vacuoles reach the lysosomes through the intracellular transport system. The adventitia of the autophagic vacuoles integrates with lysosomal membranes and degrades their wrapping via the lysosomes hydrolase activity (7) .
Under normal physiological conditions, autophagy is beneficial in maintaining a self-stabilized state (8) . When there is stress, autophagy may prevent the accumulation of toxic or carcinogenic proteins and organelles and inhibit cellular cancerization (9) . However, a number of previous studies have indicated that, following neoplasia, autophagy may provide more abundant nutrition for cancer cells and promote tumor growth (8, 9) . Therefore, in the process of tumorigenesis and tumor development, autophagy serves an important function.
The suppressed phosphoinositide 3-kinase (PI3K)/phosphorylated protein kinase B (p-Akt) signaling pathway exerts anti-apoptosis activity by influencing multiple downstream effector molecules (10) . At present, by knocking out or inhibiting P13K/Akt and other relevant genes using gene intervention techniques or micromolecule drugs, the activation of multiple downstream anti-apoptotic effector molecules may be suppressed, in order to promote apoptosis (11) . This topic has already become a central focus of cancer research.
Matrix metalloproteinases (MMPs) are a group of zinc ion-containing endopeptidases, able to degrade the extracellular matrix, and to promote tumor invasion and metastasis; the most notable MMPs include MMP-2, MMP-3 and MMP-9 (12) (13) (14) . MMP-2 and MMP-9 are two subtypes of type IV collagenase highly expressed in various tumor types, including breast cancer, ovarian cancer and nasopharyngeal carcinoma, and associated with the degree of invasion and malignancy (12) (13) (14) . Quantitative detection revealed that MMP-2 and MMP-9 are significantly high in bladder cancer tissues, as compared with in the corresponding control tissues; and invasive tumor types have higher expression levels of these proteins compared with superficial tumor types (15, 16) .
Of the genes involved in the regulation of apoptosis, the B-cell lymphoma 2 (Bcl-2) family is the most important when it comes to regulating apoptosis. Bcl-2 and Bcl-2-associated X protein (Bax) are, respectively, two of the main anti-apoptotic and pro-apoptotic regulators, which mediate apoptosis via influencing mitochondrial function (17) . The BCL2 gene was originally cloned from the local breaking point of chromosome 18 of follicular B-cell lymphoma (Bcl), which is an apoptosis-suppressing gene (18) . The Bcl-2 protein is located in the mitochondria, at the nuclear membrane and in the endoplasmic reticulum (18) . As increased intracellular calcium concentration is an early indicator of apoptosis, Bcl-2 inhibits apoptosis by preventing this elevation in plasma calcium. In previous years, it was revealed that Bcl-2 expression is the most notable feature in human malignant tumor types, is widely recognized as an anti-apoptotic factor, and is involved in the tumorigenesis through the inhibition of apoptosis and by prolonging cell survival (19) . In the extrinsic apoptosis pathway, caspase-9 and -3 are key signaling transduction pathway proteins (20) . Caspase-9 and -3 form the death-inducing signaling complex for human bladder cancer via the activation of caspase-8 in apoptotic cell death (20) .
Salidroside has anti-inflammatory, antibacterial, antiviral, anti-fertility effects amongst other activities; it is currently used for the treatment of rheumatoid arthritis, blood diseases and skin diseases, and is additionally used as an agricultural insecticide (21, 22) . However, the anticancer effect of salidroside in suppressing the viability of human bladder cancer cells has not yet been fully clarified. In the present study, the effects of salidroside on the viability and apoptosis of bladder cancer cells, and its potential underlying mechanisms, were examined.
Materials and methods
Chemicals and reagents. RPMI-1640 medium was purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Fetal bovine serum (FBS) and MTT bromide were purchased from Invitrogen (Thermo Fisher Scientific, Inc.). Caspase-9 Activity Assay kit and Caspase-3 Activity Assay kit were purchased from Nanjing KeyGen Biotech Co., Ltd (Nanjing, China) and an Enhanced BCA Protein Assay kit was purchased from Beyotime Institute of Biotechnology (Haimen, China). Salidroside was purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany).
Cell culture. Human bladder cancer T24 cells were obtained from Guangzhou Medical University (Guangzhou, Guangdong) and were maintained in RPMI-1640 medium supplemented with 10% FBS in a humidified atmosphere of 5% CO 2 at 37˚C.
MTT assays. T24 cells were seeded into 96-well dishes at a density of 1x10 4 cells/well, and treated with 0, 0.5, 1 and 2 µM salidroside for 24, 48 and 72 h each. Cell viability was determined using an MTT assay. T24 cells were supplemented with 10 µl MTT and incubated at 37˚C for 4 h in a humidified atmosphere containing 5% CO 2 . Once the RPMI-1640 was removed, 150 µl dimethyl sulfoxide (DMSO) was added to solubilize the formazan crystals. The optical density of each well was read at 490 nm.
Cell apoptosis assay. T24 cells were seeded into 6-well plates at a density of 1x10 6 cells/well, and then treated with 0.5, 1 and 2 µM salidroside for 48 h. The apoptosis of T24 cells was evaluated using a FACScan flow cytometer (BD Biosciences, San Jose, CA, USA). Cells were washed with PBS for 5 min three times and resuspended in 500 µl Annexin V Binding Buffer (BD Biosciences). Then, cells were stained with FITC-Annexin V and propidium iodide (BD Biosciences) in the dark for 15 min at room temperature. Apoptotic cells were analyzed using ImageLab 3.0 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Caspase-9/3 activation. T24 cells were seeded into 6-well plates (1x10 6 cells/well), and then treated with 0.5, 1 and 2 µM salidroside for 48 h. The activation of caspase-9/3 in T24 cells was evaluated using ELISA colorimetric kits (cat nos. C1157 and C1115; Nanjing KeyGen Biotech Co., Ltd.) according to the manufacturer's protocol. The Caspase-9 inhibitor Z-LEHDFMK (2 mM; Nanjing KeyGen Biotech Co., Ltd.) and the Caspase-3 inhibitor Z-DEVD-FMK (2 mM; Nanjing KeyGen Biotech Co., Ltd.) were added into each well. The optical density of each well was read at 450 nm.
Western blot analysis. T24 cells were seeded in 6-well dishes at 1x10 6 cells/well, and treated with 0.5, 1 and 2 µM salidroside for 48 h. T24 cells were incubated with ice-cold radioimmunoprecipitation assay buffer (Nanjing KeyGen Biotech Co., Ltd.) for 30-50 min on ice at 4˚C. Protein concentration was determined using an Enhanced BCA Protein Assay kit (Nanjing KeyGen Biotech Co., Ltd.). Protein extracts (50 µg per lane) were separated via 10% SDS-PAGE and then transferred to polyvinylidene fluoride membranes (Bio-Rad Laboratories, Inc., Hercules). The blotted membranes were blocked with Tris-buffered saline (TBS) containing 5% non-fat milk to block nonspecific binding sites for 1 h at 37˚C. Then, the membranes were incubated with anti-p62 (cat. no. sc-25523; 1:100), anti-PI3K (cat. no. sc-7174; 1:1,000), anti-MMP-9 (cat. no. sc-10737; 1:1,000), and anti-Bax (cat. no. sc-6236; 1:2,000; all Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti-LC3 (cat. no. 3868; 1:1,000), anti-Akt (cat. no. 4685; 1:2,000) and anti-p-Akt (cat. no. 4060; 1:1,000; both Cell Signaling Technology, Inc., Danvers, MA, USA), and anti-GAPDH (cat. no. sc-25778, 1:500; Santa Cruz Biotechnology, Inc.) overnight at 4˚C. Subsequent to washing in TBS with 0.1% Tween-20 for 5 min 3 times, the membranes were incubated with a horseradish peroxidase-conjugated sheep anti-mouse immunoglobulin G (cat. no. sc-2004; 1:5,000; Santa Cruz Biotechnology, Inc.) for 1 h at room temperature. The proteins were detected using enhanced chemiluminescence (Tiangen Biotech Co., Ltd., Beijing, China), and quantified with Image Lab v.3.0 (Bio-Rad Laboratories, Inc.).
Statistical analysis. Statistical analysis was performed using SPSS v.18.0 software (SPSS, Inc., Chicago, IL, USA), and performed using an unpaired one-way analysis of variance followed by Tukey's post hoc test. Data are expressed as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
Salidroside suppresses the viability of bladder cancer cells. The chemical structure of salidroside (purity >98%) is illustrated in Fig. 1 . To investigate whether salidroside could suppress the viability of T24 cells, the cells were treated with various concentrations of salidroside (0.5, 1 and 2 µM) and then evaluated using an MTT assay. Treatment with salidroside (0.5, 1 and 2 µM) significantly suppressed the viability of T24 cells at 48 and 72 h compared with the control (P<0.05; Fig. 2A) . Additionally, the administration of 2 µM salidroside for 24 h significantly suppressed the viability of T24 cells compared with the control (P<0.05; Fig. 2A) . The results of the MTT assay revealed that salidroside also inhibited T24 cell viability (Fig. 2B) .
Salidroside induces bladder cancer cell apoptosis. The anticancer effect of salidroside on the cell apoptosis of T24 cells was investigated. T24 cells were treated with different concentrations of salidroside (0.5, 1 and 2 µM) and then evaluated using a flow cytometer. As presented in Fig. 3, 1 and 2 µM of salidroside significantly induced the apoptosis of T24 cells in a dose-dependent manner, compared with the control group (P<0.05).
Salidroside induces caspase-9/3 activation in bladder cancer cells. As indicated in Fig. 4 , treatment with 0.5 µM salidroside for 48 h non-significantly increased caspase-9/3 activation in T24 cells, compared with in the control group. However, the administration of 1 and 2 µM salidroside for 48 h significantly induced caspase-9/3 activation in T24 cells, compared with in the control group (P<0.05).
Salidroside induces the autophagy of bladder cancer cells.
The anticancer effect of salidroside on the autophagy of T24 cells was investigated. T24 cells were stained with anti-LC3. As presented in Fig. 5 , treatment with 0.5, 1 and 2 µM salidroside for 48 h increased the autophagy of T24 cells in a dose-dependent manner, compared with the control.
Salidroside induces p62 and LC3 protein expression in bladder cancer cells.
Next, the effect of salidroside on the autophagy of T24 cells was further investigated by examining the protein expression of p62 and LC3, which are known biomarkers of autophagy. The results indicated that 1 and 2 µM of salidroside significantly induced p62 and LC3 protein expression in T24 cells in a dose-dependent manner, compared with in the control (P<0.05; Fig. 6 ).
Salidroside suppresses PI3K and Akt protein expression in bladder cancer cells. PI3K and Akt protein expression in bladder
cancer cells was assessed in order to elucidate the mechanism by which salidroside induces autophagy in T24 cells. PI3K and p-Akt protein expression levels were significantly suppressed by 1 and 2 µM salidroside in T24 cells in a dose-dependent manner, compared with in the control (P<0.05; Fig. 7) . Fig. 8A and B, treatment with 0.5 µM salidroside for 48 h non-significantly suppressed MMP-9 protein expression in T24 cells, compared with in the control group. Additionally, the administration of 1 and 2 µM salidroside for 48 h significantly suppressed the MMP-9 protein expression levels in T24 cells, compared with in the control group (P<0.05).
Salidroside suppresses the MMP-9 expression levels of bladder cancer cells. As depicted in

Salidroside induced Bax expression in bladder cancer cells.
As indicated in Fig. 8 , treatment with 0.5 µM salidroside for 48 h non-significantly induced Bax protein expression in T24 cells, compared with the control group. However, the administration of 1 and 2 µM salidroside for 48 h significantly increased Bax protein expression in T24 cells, compared with in the control group (P<0.05). 
Discussion
Bladder cancer is a common malignant tumor of the urinary system. According to World Health Organization statistics on global cancer epidemic diseases, there were 386,300 new cases globally in 2008, with a 14-fold variance in the incidence of bladder cancer in certain regions (23) . The regions with the highest bladder cancer incidence were Europe and North America (with a male incidence rate of ≥20/100,000 and a female incidence rate of up to 5/100,000) (24) . The region with the lowest incidence was Central Africa (incidence rate for males of 1.5/100,000 and an incidence rate for females of 0.3/100,000) (25) . Previous studies revealed that salidroside significantly suppressed the invasion of and induced the apoptosis of human breast cancer (25) and head and neck cancer cells (26) . In the present study, the administration of salidroside significantly suppressed the viability of and significantly increased caspase-9/3 activation in human bladder cancer T24 cells, compared with in the untreated cells (P<0.05).
Autophagy is a normal and ubiquitous physiological process that represents an active defensive strategy for external pessimal stimulation (8) ; it is also an important form of programmed cell death. Autophagy additionally participates in the pathological development of multiple diseases, including malignant tumor types (27) . LC3 is a notable gene that participates in the formation of the autophagosome (9) . In the degradation process of autophagic lysosomes, it serves the role of a tumor suppressor; LC3 is an autophagic landmark gene and one of the diagnostic indices of autophagic specificity (9) . In the present study, it was revealed that salidroside significantly increased the autophagy of T24 cells in a dose-dependent manner (P<0.05). Fan et al (21) suggested that salidroside induced apoptosis and autophagy in human colorectal cancer cells through inhibition of the PI3K/Akt/mechanistic target of rapamycin (mTOR) pathway.
LC3 is the gene isogeny of yeast and autophagy-related protein 8 (Atg8) in mammalian cells (28) . It has ~30% amino acid isogeny with Atg8 (28). LC3 is primarily located in the front autophagic vacuoles and the surface of autophagic vacuoles in the cell interior (28) . LC3 that participates in autophagic formation may be divided into type-I and type-II (28) . Prior to the presentation of autophagy, LC3 generated in cells is modified and processed to become the regularly expressed, soluble type-I LC3 in the cytoplasm (28) . When autophagy occurs, type-I LC3 is modified and processed via ubiquitin-type processing (29) . Type-I LC3 forms type-II LC3 by combining with phosphatidyl ethanolamine on the surface of an autophagic membrane; type-II LC3 is always combined on the membrane of intracellular autophagic vacuoles (29) . Evaluating the difference in LC3 expression between tumor and normal tissues may provide insight into tumorigenesis and development (9) . In the present study, salidroside significantly induced p62 and LC3 protein expression in T24 cells, in a dose-dependent manner, compared with in the control cells (P<0.05).
Under the stimulation of hunger, hormones, chemicals and ultraviolet light, a double-layer coating is independently formed around substances to be degraded (30, 31) . The key regulatory factor in this stage is TOR, a serine-threonine kinase known as mTOR in mammals (30) . It serves as a receptor for various amino acids, ATP and hormones in cells and may lower their levels (31) . It also may inhibit the occurrence of autophagy. When there is nutritional sufficiency and the presence of growth factors, it serves as a primary anti-autophagy signal (28) . TOR kinase may phosphorylate the associated gene Atg13 (28) . The affinity of phosphorylated Atg13 and Atg1 is reduced and blocks the formation of the Atg13-Atg1 complex, reducing the occurrence of autophagy (31) . PI3K/Akt signaling may inhibit the activity of mTOR kinase, thus promoting the activity of growth factors and inhibiting autophagy (32) . Conversely, type-III PI3K may promote intracellular substances to be degraded by wrapping by the double layer coating structure The mRNA expression levels of MMP-2 and MMP-9 are increased in bladder cancer cells transfected with the gene encoding fibroblast growth factor (FGF); however, in cells transfected with the FGF-2 antisense gene, MMP-2 and MMP-9 mRNA levels are decreased, and the invasion force is reduced (34) . Thus, MMPs are regarded to be associated with bladder cancer cell infiltration (34) . A previous study on the expression levels of MMP-2 and tissue inhibitor of metalloproteinases 2 (TIMP-2) in bladder cancer tissues revealed that MMP-2 and TIMP-2 are highly expressed in cancer tissues; the prognosis of patients with high MMP-2 and TIMP-2 expression levels is significantly poorer compared with that of patients with low expression levels (35) . In the present study, salidroside significantly decreased MMP-9 protein expression levels in T24 cells. Sun et al (36) revealed that salidroside inhibited the proliferation of, and decreased the migration and invasion of SW1116 cells through the suppression of MMP-2 and MMP-9 expression. The results of the present study corresponded with those of the prior studies discussed here.
Previous molecular biology studies have demonstrated that the occurrence and development of bladder cancer is associated with cell apoptosis in prostate tissue (37, 38) . Among the genes involved in the regulation of apoptosis, BCL2 is of particular interest. The product of BCL2 is a 26 kDa protein, localized to the mitochondrial and nuclear membranes, and to the endoplasmic reticulum (37) . Previously, it was identified that Bcl-2 may inhibit apoptosis in a variety of tissue types, and it is now widely recognized as an anti-apoptotic gene, participating in tumorigenesis by inhibiting apoptosis and prolonging cell survival (38) . A previous study demonstrated that for 69% of all patients with bladder cancer, BCL2 is positively expressed, and that the expression level is associated with the cancer; in patients with bladder cancer at a progressive stage, the expression of Bcl-2 is ≤39%, whereas at a less-progressive stage, it is ~24% (39). The results of the present study revealed that the administration of salidroside significantly inhibited the Bax signaling pathway and induced caspase-9/3 activation in T24 cells. Lv et al (22) suggested that salidroside reduces renal cell carcinoma proliferation through the suppression of Bax expression.
In summary, the present study demonstrated for the first time, to the best of our knowledge, that salidroside reduces viability and induces apoptosis in T24 human bladder cancer cells through the autophagy/PI3K/Akt and Bcl-2 signaling pathways. Furthermore, the molecular mechanisms underlying the effects of salidroside in human bladder cancer cells were explored. The results suggested that salidroside may be an effective agent for treating human bladder cancer. However, there were a number of limitations on the present study, including using only T24 cells; further in vitro and in vivo models, in addition to clinical studies, will be required to explore the effects in additional cell lines and other cancer types. Future studies should also be conducted using normal cell lines, in addition to other tumor cell lines.
